,000 x g for 5 min and were washed with 10 ml of 10 mM sodium phosphate (pH 7.0), suspended in 1.0 ml of the same buffer, and sonicated for 3 min in a Branson sonifier at a power setting of 30. The sonicate was assayed for 1B-lactamase at room temperature with [1-(thienyl-2-acetamido)]-3-[2-(4-N,N-dimethylaminophenylazo)pyridium methyl]-3-cepem-4-carboxylic acid (PADAC) as the substrate (20) . Cells in 1.0-ml cultures at 1.0 U of turbidity, as measured with a Klett-Summerson colorimeter equipped with a no. 54 filter, contained 1.35 ± 0.08 ,g of protein when tested with a Bio-Rad protein assay kit with bovine serum albumin as the standard. Since this value was not altered by the temperature shifts, the turbidity unit was used as an indicator of cell mass.
When the culture was grown at 30°C, 1-lactamase activity increased continuously (data not shown). This increase, however, ceased almost completely after the temperature shift-up (Fig. 1) . ,B-Lactamase activity increased only 1.1-fold (from 46.7 to 51.8 U) during a 30-min incubation at 42°C, whereas the cell mass increased 2.4-fold. After a 30-min incubation at 42°C, therefore, the 1-lactamase activity per unit of cell mass was less than one-half of the value obtained at 30°C. On further incubation at 42°C, the level of ,Blactamase activity decreased further until it reached a steady-state value that was about one-fourth of the level observed at 30°C. When the culture that had been exposed to 42°C for 30 min was shifted back to 30°C, ,B-lactamase activity increased rapidly for about 10 min, and then the rate of increase gradually decreased to that of cell growth at 30°C (Fig. 2) . Similar responses of ,B-lactamase activity to temperature shifts were also observed in E. coli strains other than MC4100 (unpublished data).
The observed responses can be caused by alterations in the synthesis and inactivation (degradation) of 1-lactamase. To explore this hypothesis, immediately after the temperature shifts, protein synthesis was inhibited by chloramphenicol, and the level of 1-lactamase activity was measured at intervals. The initial activity levels remained unchanged for at least 45 min after both temperature shift-up and temperature shift-down (Fig. 3) . These results suggest that the reduction of the 1-lactamase level with the temperature shift-up is due to preferential repression of 1-lactamase synthesis but not to inactivation (degradation) of the enzyme. Likewise, it appears that enhancement of 1-lactamase synthesis is responsible for the increased level observed after the temperature shift-down.
An examination was conducted to see whether these responses were transcriptional or translational events. Cells were grown at 30°C under the same conditions as described above, and a portion was withdrawn and chilled on ice. The rest of the culture was transferred to 42°C and grown for 30 min. This latter culture was divided into two portions. One portion was immediately chilled, whereas the other was incubated at 30°C for 5 min before chilling. Total RNA was extracted from the three cultures by the method of Brosius et al. (4), yielding 0.45 to 0.55 "g of RNA from 1 Klett unit of cells. This method was also used to extract pBR322, which interfered with the 1-lactamase mRNA assay by dot blot hybridization (unpublished data). After denaturation of the total RNA with glyoxal and dimethyl sulfoxide (12, 25) , plasmid DNA and ,B-lactamase mRNA were separated by electrophoresis on a 1.5% agarose gel in 10 mM sodium phosphate (pH 7.0). ,B-Lactamase mRNA thus separated was transferred to a Biodyn membrane (Poll Ultra Filtration Corp.) and subjected to Northern blot hybridization (1) . An amp gene-specific probe (a 752-base-pair PstI-EcoRI fragment of pBR322) hybridized with four RNA bands, whose sizes were 1.2, 1.15, 1.0, and 0.95 kilobases (Fig. 4) . These sizes were in good agreement with those of putative amp gene transcripts (1.2 and 1.0 kilobase) initiating at positions 4189 and 35, respectively (4, 21) and terminating around position 3200 (21) . Furthermore, none of the four RNA bands hybridized with a tet gene-specific probe (a 466-basepair EcoRV-SalI fragment) (data not shown). Thus, it was clear that all of the RNAs that hybridized with the amp gene probe were actually the amp gene transcripts. An important fact, salient from Fig. 4 , is that the level of mRNA encoded by the amp gene was not affected by the temperature shifts. This suggests that a step(s) after mRNA synthesis was regulated by the temperature shifts during the temperaturedependent responses of 1-lactamase synthesis.
P-Lactamase is a periplasmic protein that is synthesized in a precursor form and is processed to the mature form during secretion into the periplasmic space (5, 7, 8, 13, 23) . Since pre-3-lactamase seems to be enzymatically inactive (17), the possibility arises that the level of 1-lactamase activity is regulated by the rate of pre-,B-lactamase processing rather than by the rate of P-lactamase mRNA translation. To test this possibility, synthesis of ,B-lactamase and its precursor was studied immunologically. For this purpose, cells carrying pBR322 were grown at 30°C to 77 Klett units in medium E (26) supplemented with 0.5% glucose. The culture was then divided into three 20-ml portions. One portion was labeled with [35S]methionine (11.4 ,uCi/ml) for 60 s and was chased with 0.5 mM methionine for 60 s at 30°C. The second portion was incubated at 42°C for 30 min and then pulselabeled and chased at 42°C. The third portion was also incubated at 42°C for 30 min, but was shifted back to 30°C for 0 10 20 Incubation Time (min) Effects of chloramphenicol on level of P-lactamase activity after shifts of growth temperature. E. coli CM4100(pBR322) was cultured in 100 ml of LB medium until 60 Klett units were reached. Temperature shifts and addition of chloramphenicol (100 ,ug/ml) were carried out simultaneously at zero time. Portions (20 ml) of the culture were withdrawn at the times indicated, and P-lactamase activity was measured as described in the legend to Fig.   1 . Cells had no growth after the addition of chloramphenicol. Symbols: 0, shift from 30 to 42°C; 0, shift from 42 to 30°C.
5 min before the pulse-labeling and chasing, which were conducted at 30°C. Proteins extracted with 2% sodium dodecyl sulfate from these three types of cells contained 22 to 30% of the total [35S]methionine added during labeling. Portions of the protein extracts were subjected to immunoprecipitation with anti-TEM P-lactamase antiserum (2) and were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and subsequent fluorography (10, 11 4 . Effects of temperature shifts on the level of P-lactamase mRNA. E. coli MC4100(pBR322) was cultured and total RNA was prepared as described in the text. RNA (15 ,ug) was electrophoresed in a 1.5% agarose gel submerged under 10 mM sodium phosphate (pH 7.0) after treatment with glyoxal (12, 25) , and was then transferred to a Biodyn membrane (Poll Ultra Filtration Corp.) with 10 (Fig. 5) ; however, no pre-3-lactamase band was detected, which excluded the possibility that the appearance of ,B-lactamase activity was limited by the rate of processing of its precursor. The synthesis of 1-lactamase was repressed by the shift-up from 30 to 42°C and was induced rapidly by the shift-down from 42 to 30°C (Fig. 5) .
We conclude that the repression of 1-lactamase synthesis accompanying the temperature shift-up and its reversal with the shift-down take place at the translational level. This is in contrast to the characteristics of heat shock proteins, for which synthesis is regulated by a sigma factor (a32) which is the htpR gene product at the transcriptional level in E. coli (6, 11, 14, 24, 27, 28) . A protein factor has recently been purified from E. coli and has been shown to stimulate translation of 3-lactamase mRNA in vitro (9) . The involvement of this factor in the responses studied here, however, remains to be explored.
